Objective To determine black-white differences in 1-year recurrent stroke and 30-day case fatality after a recurrent stroke in older US adults.
Results
Among 128,789 Medicare beneficiaries having an ischemic stroke (mean age 80 years [SD 8 years] , 60.4% male), 11.1% were black. The incidence rate of recurrent ischemic stroke per 1,000 person-years for whites and blacks was 108 (95% confidence interval [CI] , 106-111) and 154 (95% CI 147-162) , respectively. The multivariable-adjusted hazard ratio for recurrent stroke among blacks compared with whites was 1.36 (95% CI 1.29-1.44). The case fatality after recurrent stroke for blacks and whites was 21% (95% CI 21%-22%) and 16% (95% CI 15%-18%), respectively. The multivariable-adjusted relative risk for mortality within 30 days of a recurrent stroke among blacks compared with whites was 0.82 (95% CI 0.73-0.93).
Conclusion
The risk of stroke recurrence among older Americans hospitalized for ischemic stroke is higher for blacks compared to whites, while 30-day case fatality after recurrent stroke remains lower for blacks.
As a leading cause of disability 1 and the fifth leading cause of death, 2 stroke is considered a substantial public health concern in the United States. 3 Each year, ≈610,000 US adults experience their first stroke, and despite secondary stroke prevention,185,000 US adults experience a recurrent stroke. 4 An analysis of Medicare beneficiaries found that recurrent stroke is more disabling and costly than a first stroke. 5 Compared to whites, surveillance and longitudinal cohort studies have shown that blacks have a 1.5 to >3 times higher incidence rate of ischemic stroke. [6] [7] [8] [9] [10] While a higher incidence rate of stroke has been consistently reported for blacks compared with whites, studies on racial differences in recurrent stroke have produced conflicting results. The scientific statement from the American Heart Association/ American Stroke Association on racial-ethnic disparities in stroke care 11 reported 2 studies that suggest that recurrent stroke risk is higher among blacks than whites: a prospective cohort from a single New York hospital 12 and a retrospective cohort created from California administrative data. 13 However, the evidence that blacks have a higher risk of recurrent stroke than whites was not present in 2 hospital-based prospective cohort studies, 14, 15 1 national cohort study, 16 and a secondary data analysis of a randomized trial. 17 While data on black-white differences in recurrent stroke rate are conflicting, there are few data on black-white differences in 30-day case fatality after recurrent ischemic stroke. Although studies suggest that the 30-day case fatality rate after recurrent stroke may be as high as 4 times the rate after incident stroke, 8, 18 few data are available on racial differences in case fatality. The purpose of this analysis is to determine whether black-white differences exist in recurrent stroke and 30-day case fatality after a recurrent stroke in older US adults. In addition, we evaluated black-white differences in recurrent stroke in calendar periods reflecting the use of antithrombotic agents, [19] [20] [21] [22] [23] angiotensin-converting enzyme inhibitors and diuretics, 24 and statins 25 in an effort to determine whether advances in secondary stroke prevention medications are broadening or closing racial disparities.
Methods

Study cohort
We conducted a retrospective cohort study of a 5% sample of white and black Medicare beneficiaries hospitalized with an overnight stay for an ischemic stroke with an admission date on or after January 1, 1999, and a discharge date on or before December 31, 2012. Medicare is a US government program that provides health insurance for adults ≥65 years of age and younger adults with end-stage renal disease or who are disabled. The Medicare Master Beneficiary Summary File and fee-for-service Part A (inpatient) and B (outpatient) claims were used for the current analyses. Beneficiaries enrolled in Medicare Advantage plans (Medicare Part C coverage) were excluded because complete claims data were not available for these beneficiaries. Data were obtained from the Centers for Medicare & Medicaid Services data warehouse.
Index stroke events were identified by an ICD-9-CM code of 433.x1, 434.x1, or 436 in any discharge diagnosis position in an inpatient file claim. We excluded beneficiaries if their index stroke hospitalization duration was >30 days, if they died in the hospital, or if they were discharged to hospice. Patients with hospital a length of stay >30 days were excluded because they have been shown to differ from patients with shorter length of stay in terms of severity of current illness, as well as the presence and control of medical comorbid conditions. 26 Patients who were discharged to hospice were excluded because their treatment plan often differs from those placed on intensive medical therapy. Additional eligibility for the current analysis included (1) age ≥66 years but <110 years at the time of hospital admission for the index stroke event; (2) black or white race; (3) continuous fee-for-service coverage, defined as Medicare Parts A and B for the 182 days before the index stroke hospitalization (i.e., the "look-back period") to identify the presence of comorbid conditions; (4) living in the United States during the entire look-back period; and (5) no hospitalizations for ischemic stroke during the look-back period. 5, [27] [28] [29] We restricted the analysis to participants ≥66 years of age (i.e., ≥65 years of age at the start of the look-back period) because Medicare beneficiaries <65 years of age are not representative of the general population. If a Medicare beneficiary had >1 hospitalization for ischemic stroke meeting the above criteria, only the earliest eligible hospitalization was included, resulting in a final cohort of 128,789 Medicare beneficiaries (figure 1).
Exposure/covariates
Information on age, sex, and race was obtained from the Master Beneficiary Summary File. Race was self-reported by beneficiaries when they first applied for Medicare coverage. We used dual eligibility for Medicare and Medicaid (i.e., dualeligible status or state buy-in from the entitlement variable) at any time during the look-back period, identified in the Master Beneficiary Summary File, as a proxy of low socioeconomic status. Comorbid conditions, including atrial fibrillation, hypertension, hyperlipidemia, diabetes mellitus, coronary heart disease, heart failure, dementia, depression, and chronic kidney disease, were defined from claims during the look-back period and previously published algorithms (data available from Dryad, table e-1, doi.org/10.5061/dryad.9f646f2). 30, 31 Hospitalizations during the look-back period were identified from Part A claims. The presence of a skilled nursing facility stay on hospital discharge for the index stroke event was determined with Part A claims.
Outcomes
Recurrent ischemic strokes were defined by an overnight hospitalization for ischemic stroke, ICD-9-CM code 433.x1, 434.x1, or 436 in any discharge diagnosis position in an inpatient file, within the 365 days after hospital discharge for the index stroke. A sensitivity analysis was done using ischemic stroke ICD-9-CM codes only in the primary discharge diagnosis position. Thirty-day case fatality was defined as a death within 30 days of hospital admission for recurrent stroke. Deaths were identified with the Master Beneficiary Summary File.
Time periods
We studied event rates for index strokes occurring during PROGRESS was published, allowing for dissemination of results, through the year that the Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) trial was published (publication date August 10, 2006) . 25 SPARCL was a randomized clinical trial that demonstrated the efficacy of a statin (atorvastatin) in preventing recurrent stroke. The third calendar period (2007-2013) was chosen to begin the calendar year after the publication of SPARCL and to include the remaining years for which we had Medicare data.
Statistical analysis
Characteristics of Medicare beneficiaries hospitalized for ischemic stroke were calculated by race. The cumulative incidence and recurrent ischemic stroke rate within 1 year after hospital discharge for the index stroke were determined for whites and blacks separately for each of the calendar periods. Hazard ratios (HRs) for recurrent stroke comparing blacks and whites were calculated with the extension of the Cox regression accounting for the competing risk for mortality. 33, 34 HRs were adjusted for age, sex, dual eligibility, Charlson score, hospitalization for any cause during the lookback period, length of stay for the index stroke, being discharged home after the index stroke, skilled nursing facility stay, and previously described comorbid conditions. The statistical significance of differences in the black-white recurrent stroke rates and HR for recurrent stroke between calendar periods was assessed with multiplicative interaction terms (e.g., race × calendar period).
The proportion of Medicare beneficiaries dying within 30 days of their recurrent ischemic stroke (i.e., 30-day case fatality) was calculated for blacks and whites separately. Relative risks (RRs) for 30-day case fatality comparing blacks to whites were calculated with generalized linear models with a Poisson distribution, a log link, and a robust variance estimator. 35 This model included adjustment for the same covariates used in the HR calculations described above. The statistical significance of differences in 30-day case fatality and the black-white RR between calendar periods was assessed with multiplicative interaction terms (e.g., race × calendar period). Evidence of interaction was determined by an a priori 2-sided alpha level of 0.10. In Table 1 Characteristics of black and white Medicare beneficiaries hospitalized for ischemic stroke between 1999 and 2013 a final analysis, the black-white HR of 1-year recurrent ischemic stroke and the black-white RR for case fatality were evaluated in subgroups defined by each of the covariates in the multivariable-adjusted models. In the sensitivity analyses, we calculated the recurrent ischemic stroke rate within 1 year after hospital discharge for the index stroke for whites and blacks as previously described, first restricting our definition of ischemic stroke to those with a primary diagnosis code for ischemic stroke and then restricting our sample to individuals with a 2-year look-back period.
All analyses were conducted with SAS 9.4 (SAS Institute, Research Triangle Park, NC). The institutional review board at the University of Alabama at Birmingham and Centers for Medicare & Medicaid Services approved the study.
Data availability
The data used in this analysis include restricted Medicare claims data and therefore cannot be made publicly available because of ethical/legal restrictions.
Results
Of 128,789 Medicare beneficiaries having an ischemic stroke (mean age 80 years [SD 8 years], 11.1% black, 60.4% male), blacks (n = 14,336) were younger, more frequently received a low-income subsidy, and had a lower prevalence of atrial fibrillation and a higher prevalence of hypertension, diabetes mellitus, and chronic kidney disease when compared to whites (n = 114,453, table 1).
Risk of 1-year recurrent ischemic stroke in whites and blacks There were 10,450 recurrent ischemic strokes over the 1 year after hospital discharge for the index stroke. The cumulative incidence of recurrent ischemic stroke was higher for blacks compared with whites for each calendar period (figure 2). The incidence rates of recurrent ischemic stroke for whites and blacks were 108 and 154 per 1,000 person-years, respectively (table 2) . Recurrent ischemic stroke rates declined over the calendar periods for both whites (p for trend < 0.001) and blacks (p for trend = 0.009). There was no difference in the decline in recurrent ischemic stroke rates between blacks and whites (p for interaction = 0.484). Blacks had a higher risk for recurrent ischemic stroke compared to whites during the overall study period (adjusted HR 1.36, 95% confidence interval [CI] 1.29-1.44) and within each of the 3 calendar periods. The adjusted black-white HR for recurrent stroke was 1.38 (95% CI 1.29-1.47) when outcomes were restricted to Figure 2 Cumulative incidence of 1-year recurrent ischemic stroke in blacks and whites over time, accounting for the competing risk of death Abbreviations: CI = confidence interval; HR = hazard ratio.
Values are expressed as counts, incidence rates (per 1,000 person-years), and HRs with 95% CIs. Adjusted for age; sex; low-income subsidy; Charlson score; history of atrial fibrillation, hypertension, hyperlipidemia, diabetes mellitus, coronary heart disease, heart failure, chronic kidney disease, dementia, or depression; hospitalization for any cause during the baseline period; length of stay; discharged home after the index hospitalization; and skilled nursing facility stay after the index hospitalization, accounting for the competing risk of death. a Recurrent ischemic stroke rates declined over the calendar periods for both whites (p for trend < 0.001) and blacks (p for trend = 0.009). b The black-white HR did not change over the calendar period (p for interaction = 0.484).
hospitalizations with a primary diagnosis code for ischemic stroke (data available from Dryad, table e-2, doi.org/10. 5061/dryad.9f646f2) and 1.36 (95% CI 1.28-1.45) when the look-back period was expanded to 2 years (data available from Dryad, table e-3).
The race-specific recurrent ischemic stroke rate within subgroups is shown in data available from Dryad (table e-4, doi. org/10.5061/dryad.9f646f2). After multivariable adjustment, blacks had a higher risk of recurrent ischemic stroke compared to whites in all subgroups investigated (figure 3) except Figure 3 Forest plot for adjusted hazard ratios and 95% confidence intervals for 1-year recurrent ischemic stroke among patients hospitalized with index ischemic stroke AF = atrial fibrillation; CHD = coronary heart disease; CKD = chronic kidney disease; HF = heart failure; SNF = skilled nursing facility. 
Discussion
There are several important findings from this study. First, blacks had a higher 1-year risk for recurrent stroke compared with whites. This increased risk was present in the overall population and the majority of subgroups investigated. Second, recurrent ischemic stroke rates decreased over time for whites and blacks, with no difference in the rate of decline by race. In the most recent time period, blacks still had a 41% higher risk than whites. Third, blacks had a lower 30-day case fatality after hospitalization for recurrent ischemic stroke in the overall population and in the majority of the subgroups investigated. Fourth, 30-day case fatality did not change over time for whites or blacks.
In an analysis of older stroke patients discharged from California hospitals, blacks were found to have a higher risk of recurrent stroke than whites. 13 This increased risk in blacks was not present in the South London Stroke Register 36 or the Northern Manhattan Study (NOMAS), 14, 15 perhaps due to the small number of recurrent stroke events and sampling from a single geographic area. However, the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial, which enrolled 20,232 patients at 695 centers in 35 countries from North America, Latin America, Occidental and Eastern Europe, Africa, and Australasia, also did not find a significant difference in recurrent stroke among ethnicities (Hispanics, Asian, white, black). 37 Although it did not reach statistical significance, a potentially Table 3 Rate and RR of 30-day case fatality after recurrent ischemic stroke among black compared to white Medicare beneficiaries with recurrent ischemic stroke, fully adjusted Values are expressed as counts and RR with 95% CI. Adjusted for age; sex; low-income subsidy; Charlson score; history of atrial fibrillation, hypertension, hyperlipidemia, diabetes mellitus, coronary heart disease, heart failure, chronic kidney disease, dementia, or depression; hospitalization for any cause during baseline period; length of stay; discharged home after the index hospitalization; and skilled nursing facility stay after the index hospitalization. a Case fatality did not decline over the calendar periods for whites (p for trend = 0.8450) or blacks (p for trend = 0.4589). b The black-white RR did not change over calendar period (p for interaction = 0.7089).
higher risk of recurrent stroke was identified in blacks compared to whites in the secondary analysis of the Vitamin Intervention for Stroke Prevention (VISP) trial, which was performed at 56 centers across the United States, Canada, and Scotland. 17 However, this analysis did not study recurrent strokes after a cardioembolic stroke, raising concern about the generalizability of its findings to the older population. The current findings differ from those of the Reasons for Geographic and Racial Differences in Stroke (REGARDS) study, in which blacks did not have a higher recurrent stroke risk than whites. 16 While the current analysis and that of California hospital discharges focused on short-term stroke recurrence (≤1 year), REGARDS examined recurrent stroke over a longer time horizon (average 6.8 years). The current study focused on older Americans who experienced their index stroke at an average age of 80 years. The average stroke survivor in REGARDS was 69 years old and reported a prior stroke at an average age of Figure 4 Forest plot for adjusted hazard ratios and 95% confidence intervals for 30-day case fatality after hospitalization for ischemic stroke AF = atrial fibrillation; CHD = coronary heart disease; CKD = chronic kidney disease; HF = heart failure; SNF = skilled nursing facility.
e1748 Neurology | Volume 91, Number 19 | November 6, 2018 Neurology.org/N 55 years. The effect of this difference in age is not known. However, given that the risk of recurrent stroke is highest in the first 6 months after stroke, 38 it is possible that the recent temporal proximity of the prior stroke is a contributing factor to stroke risk.
The key finding is that recurrent ischemic stroke incidence rates have declined over time for both whites and blacks. This decline in recurrent ischemic stroke may be a function of improved risk factor control and improved selection of agents shown to be efficacious at reducing recurrent stroke risk. However, blacks still have a higher risk compared to whites. In fact, the risk of recurrent stroke for blacks in the most recent period (2007) (2008) (2009) (2010) (2011) (2012) (2013) ) is greater than the risk for whites in the earliest period (1999) (2000) (2001) . Further efforts are needed to reduce the risk of recurrent stroke and to eliminate this racial disparity.
The lower 30-day case fatality observed in blacks may be a function of racial differences in the subtype of ischemic stroke. Whites have a higher incidence of atrial fibrillation, 39, 40 with cardioembolic stroke having the highest mortality. 41 It is possible that older black Americans are having strokes due to atherosclerosis, which have the highest risk of recurrent stroke 41 ; conversely, older white Americans are having cardioembolic strokes, which have the highest mortality. 41 It is less likely that blacks are experiencing lower 30-day case fatality and higher stroke recurrence due to lacunar infarcts, given that lacunar infarcts have been shown to have the lowest 1-year recurrence. 41, 42 The use of administrative data limits our access to granular clinical data that would allow us to explore these issues. The lower 30-day case fatality in blacks may also be a function of patient/family preferences regarding end-of-life care. Compared to whites, black patients less frequently have a living will and more frequently desire the use of life-sustaining measures. 43 Investigating end-of-life preferences was beyond the scope of the current analysis.
The 30-day case fatality after recurrent stroke was estimated at 41% in a 1990s Australian cohort. 18 The 30-day case fatality after recurrent stroke was approximately half of that in the current study, which may reflect differences in study populations or geographic locations or the more contemporary nature of the current study. Despite advances in acute stroke care and critical care, there was no statistically significant change over time in the 30-day case fatality after recurrent stroke in blacks or whites. These data emphasize the need to reduce case fatality after ischemic stroke.
There are important clinical implications for the current findings. Clinicians should be cognizant that blacks ≥65 years of age with ischemic stroke are more likely than whites to have recurrent ischemic stroke in the year after stroke. Efforts should be made to raise awareness, treat, and maximize risk factor control in older black stroke survivors during the first year after ischemic stroke. In addition to risk factor modification, providers need to eliminate disparities in intravenous tissue plasminogen administration, deep vein thrombosis prophylaxis, and smoking cessation counseling 44 ; ensure that blacks are being treated with the appropriate secondary stroke prevention medications 45 ; provide adequate access to care 46 ; and encourage adherence to treatment plans. 46, 47 The current study has many strengths. Using Medicare, we were able to study a large population that has a high degree of generalizability to older US adults. 48 With 128,789 stroke survivors and 10,450 recurrent strokes in the current analyses, we had statistical power to detect a small difference between groups. The current findings should be interpreted in the context of the known and potential limitations of the current study. We used ICD-9-CM codes to identify ischemic stroke admissions. Although a systematic review found the positive predictive value of 433, 434, and 436 combined to be >77% in 12 of the 19 studies, the positive predictive value ranged from 46% to 94%. 49 We focused on older individuals, limiting the ability to generalize these findings to patients <65 years of age. In addition, a recent study investigating the effect of varying look-back periods on the ascertainment of incident and recurrent stroke suggests that just over 10% of strokes classified as incident using a 1-year look-back period are actually prevalent when the administrative data look-back period is expanded to 12 years. 50 We used ICD-9-CM codes to identify comorbid conditions and crude proxies to estimate socioeconomic status and functional outcome at the time of hospital discharge, making residual confounding a possibility. Furthermore, several potentially relevant variables (e.g., trust in the medical system, perceived discrimination, stroke severity) that may explain racial differences in recurrent stroke are not available in Medicare claims.
In the current nationwide study of Medicare beneficiaries, the risk for recurrent stroke was substantially higher for blacks compared with whites. Despite the decline in recurrent stroke rates for both blacks and whites, racial disparities remain present. Although case fatality was lower in blacks, it was high in both groups and did not decline over the study period. Approaches are needed to eliminate racial disparities in recurrent stroke risk and to reduce case fatality.
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